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Summary of Technical Sessions 
Nowhere is there clearer evidence of seasonal and climatic 
change on Mars than in its polar regions, yet our understanding 
of the geology and evolution of these regions is exceedingly 
poor. How did the current caps originate? What is their compo­
sition? How have changes in martian obliquity, precession, and 
orbital eccentricity affected the annual cycles ofCO2, H20, and 
dust? What are the thennal properties and rheology of the polar 
ice? Is there evidence ofglacial flow? These are just a few of the 
questions that were addressed by the 45 participants attending 
the MSATIworkshopon ''The Polar Regions ofMars: Geology, 
Glaciology, and Climate History" held November 13-15, 1992, 
at the Lunar and Planetary Institute in Houston. 
The primary purpose of the workshop, which was convened 
by Steve Clifford of LPI, Alan Howard of the University of 
Virginia, and Stan Paterson of Paterson Geophysics, was to 
assess the state of Mars polar research in anticipation of the 
arrival of Mars Observer. The meeting brought together re­
searchers from such diverse fields as martian atmospheric 
dynamics, climate, volatiles, geophysics, and polar geology. It 
also benefited from the participation of scientists from the 
terrestrial community-whose perspectives on glaciology and 
climate change are based on a far more extensive body of 
theoretical, experimental, and field research. Among the terres­
trial scientists participating in the meeting were glaciologists 
David Fisher, Richard Hindmarsh, John Nye, and Stan Pater­
son; climate researcher Gerald North; and ice rheologist and 
experimentalist William Durham. 
To provide everyone with a common background for discus­
sion, the first two sessions of the workshop were devoted to 
reviews and tutorials on broad areas of martian and terrestrial 
polar research. These included discussions of the geology and 
glaciology of the polar caps, their physical and rheologic prop­
erties, and the role of seasonal and climate change in their 
evolution. This introduction was followed by an afternoon 
session that focused on several more detailed aspects of martian 
polar geology-including the topographic influence of large 
impact basins on the structure and distribution of the polar 
deposits, the possibility of basal lakes, and evidence of past 
glaciation in Elysium and at the poles. 
The possibility ofglacial flow was discussed at greater length 
that evening. David Fisher, from the Geological Survey of 
Canada, kicked off the discussion with a talk entitled "A Ter­
restrial Glaciologist's View of Mars." He began by reviewing 
two previously published studies ofthe possibility ofglacial flow 
in the martian north polar cap. He noted that while both studies 
found that the possibility of glacial flow was real, both were 
seriously handicapped by our current ignorance of such funda­
mental characteristics as the local thickness and basal topogra­
phy of the polar ice-a problem that Fisher suggested could be 
addressed through the use ofeither seismic or radio echo sound­
ing techniques in future investigations of the caps. Discussion 
of possible evidence for glacial flow led to the consensus that 
while features resembling terrestrial eskers and terminal mo­
raines have been identified in the martian polar regions, the 
accuracy of this interpretation is at best equivocal_ Our ability 
to make a more definitive assessment is expected to improve 
significantly with the arrival of Mars Observer-whose polar 
orbit, high-resolution camera, and laser altimeter will provide 
investigators with a wealth of new images and topographic data 
over both of the caps. 
Another topic raised during Friday evening's discussion was 
the origin of the polar troughs. Fisher demonstrated that if the 
caps were currently flowing, and if their flow centers were 
displaced from the planet's rotational poles, then the sunward­
facing scarps in the ice would naturally evolve by sublimation 
and poleward migration into a spiral pattern sharing many of 
the characteristics displayed by the actual caps. This prompted 
Nye, from the University of Bristol, to contribute his own 
suggestion, arguing that each cap is likely to behave much like 
a thennally conducting cylinder that rotates slowly about itsaxis 
while being heated from one direction by a distant source; as the 
resulting temperature waves propagate into the cylinder, the 
isothenns (viewed along the cylinder's rotation axis) will de­
scribe a spiral pattern. Although conceding that this fact alone 
does not provide an obvious explanation for the origin of the 
troughs, Nye speculated that it may playa contributing role. 
On Saturday morning the workshop focused on how the 
atmospheric dynamics, surface energy budget, and seasonal 
cycles of CO2 and dust on Mars affect the fonnation and 
interannual variability of the seasonal polar caps. Speakers 
reviewed both spacecraft and Earth-based telescopic observa­
tions of seasonal cap retreat and discussed their significance 
with regard to various processes affecting cap behavior. Addi­
tional infonnation, regarding the direction of strongest sea­
sonal and prevailing long-tenn (-5 x 104 yr) surface winds, is 
provided by the orientation of wind streaks and dunes. Taken 
together, these data provide important constraints and checks 
for the development of general circulation and climate models 
of both the past and present epochs. 
Later that afternoon, representatives from each of the Mars 
Observer investigation teams discussed their instruments and 
their application to Mars polar research. These presentations 
were followed by an open discussion about what we could expect 
to learn from Mars Observer and what types of other investiga­
tions (e.g., radar sounders, penetrators, etc.) should be included 
in future missions. 
The last group oftalks, presented during the morning session 
on Sunday, dealt with the evolution of the martian climate. One 
study suggests that the decline in atmospheric pressure on Mars 
may have been strongly influenced by the planet's initial inven­
tory of atmospheric CO2, If the initial inventory was as high as 
5 bar, then pressures in excess of several hundred millibars may 
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have persisted for as much as 2 b.y. However, an initial inven­
tory of 1 bar or less would have led to an almost immediate 
collapse of atmospheric pressure to near its present level. An­
other key driver ofpast climates has been the extent to which the 
martian obliquity has varied with time. The extent of this 
variation is sensitively dependent on the planet's moment of 
inertia--a value that is poorly constrained at present, but which 
should be known to fairly good accuracy with the determination 
of the spin axis precession rate by Mars Observer. 
At the close of the meeting on Sunday, a summary panel 
discussion was held ofboth planetary and terrestrial researchers 
who assessed the state of Mars polar research and offered 
opinions regarding what future efforts were likely to be the most 
critical to our understanding of the nature and development of 
the poles. Looking ahead to the near future, the panelists cited 
the improved temporal coverage, compositional information, 
high-resolution imaging, topographic data, and precession rate 
determination that are anticipated from the Mars Observer 
mission. Additional recommended investigations included ac­
tive seismic or radio echo sounding to directly measure the 
thickness, structure, and basal topography of the polar deposits, 
and the emplacement of a number of surface stations to assess 
the local meteorology, mass balance, and composition of the 
caps. 
In evaluating the success of the workshop, the comments 
made by the participants were remarkably consistent. The two 
elements that the members of the planetary community most 
appreciated were the emphasis placed on open discussion and 
the participation of scientists from the terrestrial community. 
Similar opinions were expressed by the terrestrial participants, 
many of whom indicated a strong desire to become more in­
volved in Mars polar and climate research. Recommendations 
from both groups included numerous requests for another work­
shop following the initial analysis of the Mars Observer data. 
While the workshop's written abstracts and formal presenta­
tions were its most visible products, for those who attended, the 
things that were valued most were the many stimulating discus­
sions, new contacts, and possibilities for future collaboration­
all of which will benefit Mars research for many years to come. 
(Note added in proof: Although the loss of the Mars 
Observer spacecraft on August 21, 1993, was a major disap­
pointment, much of the science that was anticipated from that 
mission is scheduled to be recovered with the 1996 launch ofthe 
Mars Global Surveyor. Two years later, a smaller spacecraft, 
carrying the balance of the original Mars Observer instrument 
package, will be launched to complete the global survey.) 
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